Little is known about social inequalities in childhood cancer survival. We investigated the impact of family circumstances on survival from paediatric central nervous system (CNS) tumours in a nationwide, register-based cohort of Danish children. All children born between 1973 and 2006 and diagnosed with a CNS tumour before the age of 20 years (N 5 1,261) were followed until 10 years from diagnosis. Using Cox proportional hazards models, the impact of various family characteristics on overall survival was estimated. Hazard ratios (HRs) for all CNS tumours combined did not show strong associations between survival and any family characteristic. Analyses by CNS tumour subtypes showed reduced survival for children with glioma when living outside of Copenhagen (HR 1.55; CI 1.03; 2.35). For embryonal CNS tumours, the number of full siblings was associated with worse survival (HR for having 31 siblings 3.60; CI 1.52; 8.53) and a trend of better survival was observed for children with parents of younger age at child's diagnosis and poorer survival of children with parents of older age. Despite free and uniform access to health care services, some family circumstances appear to affect survival from specific CNS tumour types in Danish children. Further research is warranted to gain a more comprehensive understanding of the impact of family factors on childhood cancer survival in other populations and to elaborate underlying mechanisms and pathways of those survival inequalities observed.
Introduction
For cancer in adults, it is well established that social characteristics influence survival, with socially deprived patients having consistently inferior survival than those with higher education, higher income or other markers of higher socioeconomic position. [1] [2] [3] Over the past decades, advances in diagnostics, knowledge of tumour biology, tailoring of treatment by risk grouping and pharmacology have led to substantial improvements in treatment of and survival from childhood cancers including tumours of the central nervous system (CNS). 4, 5 In contrast to adults, little is known about the potential role of social and family circumstances in childhood cancer survival. Previous studies have mainly focussed on socioeconomic conditions and the relationship with survival from leukaemia, indicating conflicting findings even within Europe. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Although CNS tumours are the second most common cancer diagnosis in children and the main cause of childhood cancer deaths, 16 particularly few studies focus on this tumour type. A recent study from Switzerland reported marked differences in survival among children with CNS tumours, with survival reduced by 50% in children from less educated families and reduced by 30% in children of the highest socioeconomic group determined by an areabased index. 17 Similarly, findings of a Swedish study indicated poorer CNS tumours survival for children of parents with lowest education level, but these findings were not statistically significant. 18 Finally, our earlier studies on Danish children with haematological malignancies 19 as well as all childhood cancers 20 revealed some strong associations between survival and some selected family circumstances. One conclusion of these studies was that despite the largely standardised diagnostic and treatment procedures and free and uniform access to health care services in Denmark, 21 not all Danish children with cancer may have benefited equally from the improvements in therapy made over the last decades. 4, 5 Besides clinical prognostic factors, family and social factors such as distance to treatment centre, parents' and children's adherence to treatment and supportive care, interaction between families and health care professionals, family social support as well as family resources and obligations may thus affect CNS tumour survival. 19 In our study, we explored for the first time the relationship between family circumstances and survival from paediatric CNS tumours overall as well as from specific CNS tumour types in a complete nationwide cohort of Danish children born between 1973 and 2006. This is the largest available sample in Denmark.
Material and Methods
Denmark has a civil registration system with national population-based administrative registries 22 such as the Danish Cancer Registry, 23 the Central Population Register, Statistics Denmark 24 or the Danish Medical Birth Register, 25 unique personal identification numbers (CPR number) and legislation that permits and supports registry-based research. 24 The CPR number is used in all national registries, enabling accurate linkage of information between registries. 22 Data-linkage between those registries provided the basis for this population-based national cohort study.
Study population
Our study population comprised all children born in Denmark between 1 January 1973 and 31 December 2006 and diagnosed with a CNS tumour up to 19 years of age inclusively. In the Danish Cancer Registry 1,261 eligible children were identified for the defined time period.
CNS tumours were classified according to the International Classification of Childhood Cancer (ICCC 1st version (i.e., the Birch and Marsden Classification) 26 until 2003 and ICCC 3rd version 27 thereafter). We grouped the subtypes as follows: Ependymoma (defined by ICCC 1 and ICCC3 group 3a), astrocytoma and other gliomas (ICCC 1 and ICCC 3 groups 3b and 3d combined), embryonal CNS tumours (defined by ICCC 1 and ICCC3 group 3c) and other specified and unspecified (ICCC 1 and ICCC3 groups 3e and 3f combined). The reasons for this grouping were that while keeping distinct diagnostic subtypes separate for meaningful analysis, to aggregate similar subtypes into groups of larger sample sizes for increasing statistical power to detect possible inequalities and to overcome small differences in the two classification versions of ICCC.
Family circumstances
A broad range of characteristics were investigated including birth order, number of siblings, numbers of children living in the household, parental age, place of residence, parents' cohabitation status and maternal education. Birth order, number of full siblings, and numbers of children living in the household were used as a measure of family obligations, parental age and cohabitation status as measure of family resources, maternal education as measure of knowledgerelated assets and, finally, place of residence as proxy for distance to treatment centre.
The patient's unique CPR number allows linkage to firstdegree relatives via the Danish Civil Registration System considered to be 100% accurate. 22 Linkage of the CPR number of the child with their mother and father enabled, besides receiving information on parental age at diagnosis (grouped into 25, 26-30, 31-35, 36-40, 41-45, 46 years), the identification of siblings. 22 Siblings were defined as having the same mother and father (stillborn children excluded in counting the number of siblings).
From the Medical Birth Register we obtained data on birth order. 25 Birth order was defined by counting all livebirths of the same mother (1st born, 2nd born, 3rd born and later). Multiple births were assigned the same birth order with later births numbered according to the number that follows after counting all older siblings.
From Statistics Denmark information on maternal highest attained education, parents' cohabitating status (cohabitation defined by both parents living at the same address) and number of children living in the household (defined by number of individuals living at the same address, being younger than 20 years of age and not being the parents of the child with CNS tumour) was used. Highest attained level of maternal education was categorised into short education (mandatory school, 9 years), medium education (upper secondary school or vocational education, 10-12 years) and higher education (>12 years). Information for cohabitation status and number of children living in the same household was only available from 1980 onwards.
Information on place of residence at diagnosis was obtained from the Danish Cancer Registry and classified by level of municipality as commonly used. 28 Provincial cities were defined as those cities with >10,000 inhabitants; rural areas as rural municipalities with <10,000 inhabitants and peripheral rural areas as municipalities >40 km from a local centre with proper employment possibilities and no shared border with a municipality centre. All characteristics corresponded to the situation at the year of the child's diagnosis.
Statistical methods
Overall survival was defined as the outcome in our study. Dates of death, disappearance and emigration were obtained until 1 January 2016, collected by the Central Population Register, and used as follow-up information. 22 Children were observed from the date of first cancer diagnosis until their death from any cause, emigration, the end of the 10 years follow-up or 1 January 2016, whichever came first. We censored at 10 years follow-up as very few cancer diagnosisrelated events occur afterwards, whereas the incidence of competing causes of deaths rises.
For the descriptive part we calculated life tables. Cox proportional hazards models were used to assess the impact of family characteristics on overall survival from childhood CNS tumours as well as specific tumour types with time since diagnosis as underlying time scale. The multiple regression models were adjusted for the following well-established prognostic factors: 29, 30 child's age at diagnosis (grouping varies by CNS tumour type), sex, radiation therapy received (yes or no) and diagnosis before 1990 vs. afterwards. Results were expressed as adjusted hazard ratios (HRs) with corresponding 95% confidence intervals. Trend tests were performed, using the same categories as for the main analysis. Additional analyses were performed to evaluate if distinguishing between having either a young/old mother or a young/old father compared to having two young parents (both 25 years) or having two old parents (both 46 years) modified the associations. For visual presentation, we calculated stratified adjusted survival curves by predicting survival probabilities from the multiple Cox models.
To investigate when survival differences emerged we calculated unadjusted survival probabilities using Kaplan-Meier curves and the log-rank test. 31 Small numbers of ependymoma patients and events precluded meaningful survival analyses by subgroups of family characteristics for this tumour type.
All statistical analyses were performed using Stata 14.
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Results
Of the 1,261 children with a CNS tumour, 53% were males and 47% females (Table 1) . Almost 40% of the cases were diagnosed with astrocytomas or other glioma. Among all CNS tumour patients, about 31% were treated with radiation therapy. 585 (46%) were firstborns and almost three-quarter of the children (N 5 926) had at least one full sibling at the year of diagnosis ( Table 2) . Half of the families were living in provincial cities (53%). Mothers and fathers were most frequently aged 31-40 years at child's diagnosis. Overall 10-year survival was 68%, based on 405 deaths. Survival varied substantially between tumour types, with 72%, 57% and 41% for astrocytoma and other gliomas, ependymoma and embryonal CNS tumours, respectively. Visual inspection of the Kaplan-Meier curves illustrated that survival differences between astrocytoma and other gliomas, and ependymoma emerged around 1.5 years after diagnosis (Fig. 1) . Table 2 also illustrates the other established prognostic factors including child's age at diagnosis, having received radiation therapy, and time period of diagnosis. With 43% 10-year survival, survival was substantially lower for children treated with radiation therapy compared to children who did not receive radiation therapy.
Family circumstances and survival from CNS tumours
HRs for all CNS tumours combined did not show any strong associations between survival and the various family characteristics. Somewhat worse survival was observed for children living in provincial cities and rural areas compared to children from greater Copenhagen area (Table 3) . No relationship with survival from all CNS tumours or any specific CNS type was observed for attained education of the mothers or for the number of children living in the household.
Family circumstances and survival from astrocytoma and other gliomas
Analyses by CNS tumour type showed statistically significant worse survival for children with astrocytoma or other glioma 3 ICCC groups 3b and 3d combined. 4 Defined by ICCC group 3c. 5 ICCC groups 3e and 3f combined. 6 Grouped at level of the municipality. Provincial cities are those with >10,000 inhabitants; rural areas are rural municipalities with <10,000 inhabitants; peripheral rural areas are municipalities >40 km from a local centre with proper employment possibilities and no shared border with a municipality centre.
when living outside of Copenhagen (HR for living in provincial cities 1.55; 95% CI 1.03; 2.35) ( Table 3 ; Fig. 2 ). We observed a tendency of inferior survival with increasing maternal age (at child's diagnosis). The relationship is however based on small numbers and the trend test did not reach statistical significance. Similarly, children of parents who were not living together showed worse survival with a nonsignificant HR of 1.37.
Family circumstances and survival from embryonal CNS tumours
For embryonal CNS tumours, no association between survival and place of residence was observed. However, having full siblings was associated with worse survival, with statistically significantly increasing HRs by increasing number of siblings (p for trend 5 0.022), resulting in a significant HR of 3.6 for children with 3 or more siblings (Table 3 ; Fig. 2 ). A linear relationship of increasing parental age at child's diagnosis was associated with inferior survival from embryonal tumours (Table 3 ; Fig. 2 ). The association was more pronounced than for children with an astrocytoma or other glioma and statistically significant for increasing paternal age (p for trend 5 0.009). Analyses distinguishing between having either an older mother or an older father and having two older parents (both 46 years) showed that particularly the latter was related to poorer survival (data not shown).
In contrast to the finding observed for astrocytoma or other glioma, children with embryonal tumours with parents who were not living together showed better survival with a non-significant HR of 0.69 based on small numbers though. Although respective confidence intervals are wide and overlap, the observed differences in the impact of parental cohabitation by cancer type is statistically significant (p 5 0.02).
The survival dissimilarities by family characteristics emerge already over the first 2 years from date of diagnosis (Kaplan-Meier curves not shown), and also continued to widen thereafter.
Discussion
Main findings
Despite specialised and standardised treatment regimens and uniform access to free of charge health care services, some family circumstances appear to effect survival from certain CNS tumours in Danish children. The strongest association was seen in survival from embryonal tumours, with a 3.6-times increased risk for reduced survival for children with three or more siblings. Statistically significant worse survival was found for children with astrocytoma or other glioma when living outside of Copenhagen. For embryonal tumours a trend of better survival was observed for children with parents of younger age at child's diagnosis and poor survival of children with parents of older age. Our findings of increasing numbers of siblings, parental age and place of residence being associated with poorer survival among childhood CNS cancer patients emphasise the need to take more than just tumour characteristics and therapy 29, 30 into account when analysing survival, although these factors remain the stronger predictors.
Underlying mechanism and pathways and international comparison of findings
While social inequalities in cancer have been extensively studied in adults, there appears to be a gap in the childhood cancer epidemiological literature, particularly with regard to underlying mechanisms and pathways of social inequalities in survival. The well-documented impact of social factors on cancer outcome in adults 1 is associated with differences in time of diagnosis, tumour stage and treatments given. Individual factors such as lifestyle or the presence of comorbidities also play a role. 2, 33, 34 However, inequalities in survival from childhood CNS tumours would not be expected to be related to inequalities in treatments given. Health care is free of charge for all children irrespective of the family's social circumstances 21 , treatment protocols are largely standardised, and in Denmark almost all paediatric CNS tumours are treated according to Nordic or wider European collaborative study group protocols. Also, inequalities in childhood CNS survival would not be expected to be related to comorbidities and children's lifestyle, but most likely related to delayed diagnosis for some social groups, 35 communication barriers with health care professionals and differences in family's social resources and demands. 36 The poorer survival from embryonal CNS tumours observed for patients with siblings might possibly be related to family social resources and obligations and may reflect the capacity of the parents to cope with the cancer diagnosis of their child, the therapy and its side-effects and cancer-related strains which may be particularly challenging for parents with several children. 37 The finding of children with astrocytoma or other glioma of parents which was not living together showing the tendency of worse survival might also be related to family social resources and the capacity of the parents to cope with the cancer diagnosis and related circumstances. Our observed association is in line findings of a recent study on overall 1 Adjusted HR. 2 Adjusted for child's age at diagnosis (age groups vary by CNS type), sex, period of diagnosis and radiation therapy received. 3 Corresponding 95% confidence intervals. 4 Grouped at level of the municipality. Provincial cities were those with >10,000 inhabitants; rural areas were rural municipalities with <10,000 inhabitants; peripheral rural areas were municipalities >40 km from a local centre with proper employment possibilities and no shared border with a municipality centre.
childhood cancer survival in Denmark and the relationship with socioeconomic position. Findings of our study indicated that children diagnosed with a CNS tumour of parents who were living with a partner (not necessarily the other parent) had better survival than children of parents living alone. 20 Statistically significant worse survival was observed for children diagnosed with astrocytoma or other glioma when living outside of greater Copenhagen area. This finding is in line with some international findings about survival from haematological malignancies. A study from Australia, a country with vast areas of very low density population, reported better survival rates for all childhood cancers and specifically leukaemia for children living in major cities compared to those living elsewhere. 38 Living in rural areas was also associated with less favourable prognosis in recent multi-national findings from Bulgaria, Turkey and Russia for survival from leukaemia as well as from lymphoma. 39 However, in Denmark four specialised paediatric clinics cover the entire country, with relatively short distances to the treating centre from most places in Denmark and highly standardised treatment irrespective of the treating hospital. Children with astrocytoma or other glioma living outside of greater Copenhagen might be more likely to have some delay in the diagnostic work-up 35 and treatment which may have influenced outcome. The treatment of brain tumours usually necessitates an interdisciplinary team including the paediatric oncologist, neurosurgeons and radiotherapist. This may contribute to delays in children living in more rural areas, but given the distribution of centres with respective expertise all over Denmark, this remains speculative.
The observed trend of better survival for children of an embryonal tumour with parents of younger age at child's diagnosis and poor survival of children with parents of older age is difficult to interpret. Findings remain unclear at present and might result from chance.
In contrast to findings from some European studies 10, 17, 18 we did not find an association between parental education and survival from CNS tumours in Danish children. In general, differences in welfare systems, including access to health care, coverage and distance to treatment facilities, sociocultural background, treatment protocols as well as methodological differences between studies make an international comparison problematic. However, two of these studies, which found a relationship with parental education, were also conducted in Scandinavia. Scandinavian countries are very similar to respect to the welfare system and sociocultural aspects and even use the same treatment protocols. Therefore, the difference in findings across Scandinavia is somewhat unexpected and difficult to understand. Chance and residual confounding need to be considered. Findings from the UK indicate that acute lymphoblastic leukaemia (ALL) survival inequalities by socioeconomic status emerged at the time when treatment management required parental/child's adherence, i.e. from the time of oral treatment in the outpatient setting, and the authors hypothesised that this may be due to treatment adherence. 8 By contrast, in our study on CNS tumour survival we did not observe this pattern. The observed patterns in the UK might be related to the demanding treatment of ALL which usually lasts several years, and poor adherence to oral maintenance therapy may have a negative impact on cure rates. 40 As soon as the child is discharged from hospital (typically after about 8-9 months 41, 42 ), parents are responsible for complying with the recommendations for the continuation of a highly demanding therapy. CNS tumours are primarily treated in the hospital and in general, neurosurgery is the first step in treatment, both to establish the microscopic diagnosis and, if possible, to remove the tumour.
29,30
Strength and limitation
To our knowledge this is the first study specifically analysing the relationship between family circumstances and survival from paediatric CNS tumours. The reliability of the findings is strengthened by the use of population-based registry data not influenced by the study hypotheses and emerging from a country with free access to cancer care. The nationwide registries covered all known cancer cases with a complete follow-up and thus provided a factual reflection of the situation in the population.
Through the Danish registries a broad range of family factors are available with high validity excluding any kind of information bias and with virtually no missing information. Solely, data for cohabitation status and number of children living in the same household was only available from 1980 onwards.
A limitation is the lack of information about tumour stage at diagnosis, which could have given an indication of patient's or physician's delay of diagnosis. However, in studies from Norway and Switzerland adjusting for stage did not diminish the association between parental education and survival from childhood cancer 10 and from CNS tumours, 17 respectively. An inherent limitation is the size of our cohort, albeit unavoidable as it simply reflects the childhood population size of Denmark. Due to overall small numbers we did not look separately at the more recently diagnosed patients. We cannot exclude that the most recent improvements in treatment or changes in health care and health care delivery may have altered the relationship between family circumstances and survival found in our study, as all children in our cohort were diagnosed >10 years ago.
Conclusion
In conclusion, our findings suggest that tumour characteristics and applied treatment are not the only factors influencing CNS tumour survival in Danish children and that some families may need extra supportive care during the demanding treatment and recovery of their child. Further research is warranted to gain more knowledge on the impact of family circumstances on childhood cancer in general and in other populations and to elaborate potential underlying mechanisms and pathways. Understanding the pathways through which socioeconomic and family circumstances may influence prognosis of childhood cancers would help to develop targeted strategies to diminish such social inequalities.
